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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The invention relates to a control apparatus of 
an actuator which displaces a driven member provided 
in an internal combustion engine. 

2. Description of Related Art 

[0002] Conventionally, an internal combustion engine 
for an automobile and the like includes various types of 
members that are driven by an actuator. A variable noz- 
zle (nozzle vane) of a variable nozzle type turbocharger 
is one of the aforementioned members or driven mem- 
bers. 

[0003] The variable nozzle is disposed in an exhaust 
passage through which the exhaust gas from the inter- 
nal combustion engine is blown against a turbine wheel 
of the turbocharger The variable nozzle is operated, that 
is, opened or closed so as to change an area of the ex- 
haust passage through which the exhaust gas flows. 
The flow velocity of the exhaust gas flowing through the 
exhaust passage becomes variable so as to change the 
rotating speed of the turbocharger. This makes it possi- 
ble to adjust a boost pressure or intake pressure. 
[0004] As an actuator for operating the variable noz- 
zle, a direct current (DC) motor may be employed. The 
DC motor is driven to displace the variable nozzle based 
on a predetermined reference position. The opening of 
the variable nozzle, thus, can be adjusted so as to 
change the boost pressure of the internal combustion 
engine. The variable nozzle has stoppers that define 
limit points at the full closing side and the full opening 
side of the range in which the variable nozzle is dis- 
placed so as to prevent the variable nozzle from being 
excessively displaced over the limit points. 
[0005] The reference position based on which the var- 
iable nozzle is displaced may be set as the point where 
the variable nozzle is fully opened. In this case, the var- 
iable nozzle is displaced to the opening side immediate- 
ly after start-up of the internal combustion engine until 
it abuts on the stopper. The position at which the variable 
nozzle abuts on the stopper, that is, full opening position 
is set as the reference position. The variable nozzle can 
be displaced to the full opening side during operation of 
the engine, for example, start-up of the engine. This is 
because such displacement may not cause excessive 
increase in the flow velocity of the exhaust gas blown 
against the turbine wheel, thus preventing excessive 
rise in the boost pressure of the engine. 
[0006] As aforementioned, the reference position of 
the variable nozzle is determined at every start-up of the 
engine. This makes it possible to displace the variable 
nozzle appropriately with respect to the reference posi- 
tion upon start-up of the engine even when the variable 



nozzle is manually operated for the purpose of inspec- 
tion or the like during stop of the engine. 
[0007] In the case where the variable nozzle is located 
at the point close to the full closing position, and the full 

5 opening position is set as the reference position, it has 
to be displaced from the point far away from the refer- 
ence position. Accordingly the variable nozzle located 
at the full closing position is unlikely to be displaced with 
accuracy. Such displacement may become undesirable 

10 for adjusting the boost pressure. When the variable noz- 
zle is located at the point close to the full closing posi- 
tion, shifting of the variable nozzle from the reference 
position may greatly influence rotation of the turbo- 
charger. It is, therefore, important to displace the varia- 

'5 ble nozzle with accuracy. 

[0008] Toyota Technical Report (No.: 11486) has in- 
troduced the technique for setting the reference position 
for displacing the variable nozzle. The technique for set- 
ting the reference position will be described referring to 

20 the time chart shown in Fig. 8. The time chart shows 
each change in the engine speed (a), opening of the var- 
iable nozzle (b), and the intake pressure (c) with respect 
to a time axis. 

[0009] According to the technique, the reference po- 
25 sition is set during idling of the internal combustion en- 
gine. During idling operation immediately after the start- 
up of the engine, the variable nozzle is gradually dis- 
placed toward the closing side. Along with the displace- 
ment of the variable nozzle, the flow velocity of the ex- 
30 haust gas blown against the turbine wheel becomes 
high to gradually increase the intake pressure. The ref- 
erence position is determined as the point where the 
variable nozzle locates when the intake pressure in- 
creases to reach a predetermined value. 
35 [0010] In the aforementioned technique, the refer- 
ence position corresponds to the point closer to the full 
closing position. In the case where the variable nozzle 
is located at a point near the full closing position for ad- 
justing the opening, the displacement of the variable 
40 nozzle can be performed at a point near the reference 
position. This makes it possible to displace the variable 
nozzle accurately. Therefore such displacement is suit- 
able for adjusting the boost pressure. 
[001 1 ] However, displacement of the variable nozzle 
45 toward the closing side reduces the section area of the 
exhaust passage through which the exhaust gas flows. 
The resultant flow velocity of the exhaust gas blown 
against the turbine wheel is increased, leading to the 
increased rotating speed of the turbocharger Therefore, 
so displacement of the variable nozzle under load may giv- 
en an adverse influence to the engine. It is preferable to 
displace the variable nozzle toward the closing side for 
setting the reference position during idling operation 
which may minimize the adverse influence of the dis- 
ss placement to the engine. 

[0012] It is preferable to set the reference position by 
displacing the variable nozzle toward the closing side 
during the idling operation especially at a moment just 
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after start-up of the engine such that the variable nozzle 
can be displaced with respect to the reference position 
at an earlier stage just after start-up of the engine. 
[001 3] I n the case where the vehicle is started imme- 
diately after start-up of the engine, idling operation is not 
performed just after start-up of the engine. It is not pref- 
erable to set the reference position by displacing the va- 
niable nozzle toward the closing side at a moment other 
than after start-up of the engine. As a result, the boost 
pressure is adjusted by displacing the variable nozzle 
without setting the reference position. As a result, the 
variable nozzle cannot be displaced with accuracy. 

SUMMARY OF THE INVENTION 

[001 4] It is an object of the invention to provide a con- 
trol apparatus of an actuator for precise displacement 
of a driven member such as a variable nozzle. 
[0015] The object may be solved for example by a 
control apparatus of an internal combustion engine for 
controlling an actuator which displaces a driven member 
within a displacement range confined by a stopper 
wherein in a stopped state of the internal combustion 
engine the control apparatus drives the actuator until the 
driven member abuts on the stopper and determines the 
position of the driven member when it abuts on the stop- 
per as a reference position; and at a start-up of the en- 
gine subsequent to the stopped state of the internal 
combustion the control apparatus displaces the driven 
member based on the determined reference position 
engine. 

[0016] If the actuator is driven to bring the driven 
member on the stopper during running of the engine so 
as to set the reference, the operating state of the engine 
may be deteriorated. According to the embodiment, the 
actuator is driven during stop of the engine so as to set 
the reference position at the subsequent start-up of the 
engine such that the driven member is displaced without 
adversely influencing the operating state of the engine. 
As the reference position for displacing the driven mem- 
ber is already set at a moment after start-up of the en- 
gine, it can be precisely displaced with respect to the 
reference position. 

[0017] The driven member may be various types of 
valve mechanisms, for example, a variable nozzle that 
is opened/closed so as to make the flow velocity of the 
exhaust gas blown against the turbine wheel of the tur- 
bocharger variable, a throttle valve that is opened/ 
closed so as to adjust intake air amount or the intake 
pressure of the internal combastion engine, and an ex- 
haust gas recirculation (EGR) valve that is opened/ 
closed in an EGR passage for returning the exhaust gas 
to the intake system such that the EGR amount is ad- 
justed. 

[001 8] The actuator for operating the aforementioned 
valve mechanisms such as the variable nozzle, throttle 
valve and EGR valve may include an electric motor, for 
example, direct current (DC) motor, rotary solenoid and 



the like. 

[0019] When the driven member is located farther 
away from the stopper than a predetermined initial po- 
sition, the controller sets the predetermined initial posi- 

5 tion as the reference position. 

[0020] According to the embodiment, even when the 
driven member has not reached the stopper for a certain 
reason at the subsequent start-up of the engine, the in- 
itial position is set as the reference position. The driven 

io member, thus, can be precisely displaced at an earlier 
state just after start-up of the engine. 
[0021] The controller monitors an operating state of 
the actuator, and determines whether an abutment of 
the driven member on the stopper has been completed 

15 on the basis of the monitored operating state of the ac- 
tuator. 

[0022] According to the embodiment, completion of 
the abutment of the driven member on the stopper can 
be accurately detected. In the case where the electric 
20 motor such as the DC motor, torque motor and rotary 
solenoid is employed as the actuator, the motor current 
value is monitored to determine the operating state of 
the actuator. 

[0023] The controller displaces the driven member in 

25 a direction reverse to that of the abutment before the 
driven member abuts on the stopper. 
[0024] According to the embodiment, the driven mem- 
ber is displaced in a direction reverse to the direction in 
which the driven member is brought into abutment on 

30 the stopper such that deposits adhered on the displace- 
ment path of the driven member can be removed. It is 
preferable to displace the driven member in the reverse 
direction within the range in which the driven member is 
allowed to be displaced for removing the deposits. If the 

35 reverse displacement of the driven member is per- 
formed during stop of the engine, the deposits can be 
removed at least once at every operation of the engine. 
[0025] The controller decelerates or stops the dis- 
placement of the driven member towards the stopper 

40 just before the driven member abuts on the stopper. 
[0026] According to the embodiment, an impact 
caused by the abutment of the driven member on the 
stopper can be reduced, thus restraining occurrence of 
defects like deformation of the stopper from occurring. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

so Fig. 1 is a schematic view showing an overall struc- 
ture of a variable nozzle type turbocharger provided 
in an engine and a control apparatus for driving and 
controlling the variable nozzle system of the turbo- 
charger according to an embodiment of the inven- 

55 tion; 

Fig. 2 is a front view showing a detailed structure of 

the variable nozzle system; 

Fig. 3 is a sectional view in which the variable nozzle 
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system in Fig. 2 is viewed from a direction of an ar- 
row A-A; 

Fig. 4 is an enlarged view showing a state in which 
an open/close lever of the variable nozzle system 
is abutted on a stopper; 

Fig. 5 is a flowchart showing procedures for abutting 
a nozzle vane on a closing side; 
Fig. 6 is a time chart showing changes in an oper- 
ation state of an ignition switch, an engine revolu- 
tion speed, a nozzle vane position and a DC motor 
current value, relative to the elapse of time, when 
the abutment is earned out when the engine is 
stopped; 

Fig. 7 is a flowchart showing procedures for setting 
a reference position; and 

Fig. 8 is a time chart showing transition of an engine 
revolution speed, an opening angle of the variable 
nozzle and an intake pressure, relative to the elapse 
of time, for illustrating a conventional method for de- 
termining the reference position. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0028] An embodiment of the invention applied to an 
onboard engine having a variable nozzle type turbo- 
charger will be described referring to Figs. 1 to 7. 
[0029] As shown in Fig. 1 , an upstream portion of an 
intake passage 2 and a downstream portion of an ex- 
haust passage 3 of an engine 1 are connected to a tur- 
bocharger 4, respectively. The turbocharger 4 includes 
a compressor wheel 5 that sends air to downstream of 
the intake passage 2 and a turbine wheel 6 that rotates 
as the exhaust gas passing through the exhaust pas- 
sage 3 is blown thereto. The compressor wheel 5 rotates 
together with the turbine wheel 6 so as to increase the 
amount of air admitted into the engine 1 . This makes it 
possible to increase output of the engine 1 . 
[0030] The turbocharger 4 includes a variable nozzle 
system 7 in the exhaust passage through which the ex- 
haust gas is blown against the turbine wheel 6. The var- 
iable nozzle system 7 serves as a valve system that is 
opened and closed so as to change the cross section 
area of the exhaust passage through which the exhaust 
gas flows. That is, the flow velocity of the exhaust gas 
blown against the turbine wheel 6 can be adjusted by 
changing the cross section area of the exhaust passage. 
The rotating speed of the turbocharger 4 changes as the 
flow velocity of the exhaust gas is varied so as to adjust 
a boost pressure (intake pressure) of the engine 1 . 
[0031 ] A direct current (DC) motor 9 that is controlled 
by a controller 8 serves as an actuator for operating the 
variable nozzle system 7. Nozzle vanes (variable noz- 
zles) 1 0 of the variable nozzle system 7 are operated by 
driving the DC motor 9. When the nozzle vane 10 dis- 
places towards the dosing side, the flow velocity of the 
exhaust gas blown against the turbine wheel 6 increas- 
es to raise the rotating speed of the turbocharger 4, in- 



creasing the boost pressure of the engine 1 . On the oth- 
er hand, when the nozzle vanes 1 0 displace towards the 
opening side, the flow velocity of the exhaust gas blown 
against the turbine wheel 6 decreases to reduce the ro- 

5 tating speed of the turbocharger 4, thus reducing the 
boost pressure of the engine 1 . 
[0032] The controller 8 that drives and controls the DC 
motor 9 receives signals sent from a nozzle position 
sensor 11 for detecting the position of the nozzle vane 

io 10, and includes a current detection circuit 8a for detect- 
ing a current value of the DC motor 9. The controller 8 
is connected to an electronic control unit for engine (en- 
gine ECU) 12 that controls operation of the engine 1 , 
and is structured to receive a command Sent from the 

15 engine ECU 12. The engine ECU 12 receives signals 
sent from an engine speed sensor 13 for detecting the 
engine speed and signals sent from an ignition switch 
14 operated by a driver of a vehicle to start or stop the 
engine 1 . 

20 [0033] Next, a structure of the variable nozzle system 
7 will be explained in detail referring to Figs. 2 and 3. 
Fig. 2 is a front view of the variable nozzle system 7 as 
viewed from the side of the compressor wheel 5 (upper 
side shown in Fig. 1). Fig. 3 is a sectional side view of 

25 the variable nozzle system 7 as viewed along a direction 
of lines A-A of Fig. 2. 

[0034] As Figs. 2 and 3 illustrate, the variable nozzle 
system 7 has a ringshaped nozzle back plate 21 . In the 
nozzle back plate 21 , a plurality of shafts 22 are dis- 

30 posed at equal angular intervals with respect to the cent- 
er of the plate 21 . Each shaft 22 that penetrates through 
the nozzle back plate 21 in its thickness direction is ro- 
tatably supported. One end (lower end as shown in Fig. 
3) of each shaft 22 is secured to the nozzle vane 1 0. 

35 The other end (upper end as shown in Fig. 3) of the shaft 
22 is secured to a lever 23 that extends perpendicular 
to the shaft 22 towards the outer periphery of the nozzle 
back plate 21 . 

[0035] An annular ring plate 24 is inserted between 

40 the lever 23 and the nozzle back plate 21 such that the 
annular ring plate 24 is overlaid on the nozzle back plate 
21 . The ring plate 24 is structured to rotate in a circum- 
ferential direction upon driving of the DC motor 9. The 
ring plate 24 has a plurality of pins 25 disposed at equal 

45 angular intervals with respect to its center. The pins 25 
are connected one another so as to be pivotable with 
respect to the corresponding lever 23. 
[0036] As the ring plate 24 turns about its center axis 
upon driving of the DC motor 9, each pin 25 forces the 

so corresponding lever 23 to move towards a turning direc- 
tion of the ring plate 24. As a result, the lever 23 serves 
to turn the shaft 22 so as to operate each of the nozzle 
vanes 10 synchronously with respect to the shaft 22. 
Each distance between adjacent nozzle vanes 1 0, that 

55 js, the exhaust gas flow area of the exhaust passage 
through which the exhaust gas is blown against the tur- 
bine wheel 6 is changed by opening/closing the nozzle 
vanes 1 0. The resultant flow velocity of the exhaust gas, 
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thus, is made variable. 

[0037] A range in which the distance between adja- 
cent nozzle vanes is adjusted is defined by three stop- 
pers 26 disposed at an equal angular interval with re- 
spect to the center. Those stoppers 26 are provided be- 
tween adjacent levers 23 as shown in Fig. 4. When the 
nozzle vane 1 0 is displaced to the full opening position, 
one of the adjacent levers 23 (lower lever 23 shown in 
Fig. 4) is brought into abutment on the stopper as shown 
by a solid line. When the nozzle vane 1 0 is displaced to 
the full closing position, the other of the adjacent lever 
23 (upper lever 23 shown in Fig. 4) is brought into abut- 
ment on the stopper 26 as shown by a chain double 
dashed line. 

[0038] As the displacement range of the nozzle vane 
10 is defined by the stoppers 26, the opening of the valve 
vane 10 during normal operation of the engine can be 
controlled within the defined displacement range. The 
opening of the valve vane 10 is controlled by the con- 
troller 8 that drives the DC motor 9 in accordance with 
the opening command value sent from the engine ECU 
12. The opening command value ranges from 0 to 1 00 
% during normal operation of the engine. As the nozzle 
vane 10 is controlled to the opening side, the opening 
command value becomes close to 0%. Meanwhile, as 
the nozzle vane 1 0 is controlled to the closing side, the 
opening command value becomes close to 100 %. 
[0039] Even when the opening command value is set 
to 100%, the nozzle vane 10 is displaced to the closing 
side but the lever 23 is not brought into abutment on the 
stopper 26. That is, during the normal engine operation, 
the nozzle vane 1 0 is displaced between the full opening 
position and the position just before full closing position 
in response to the opening command value ranging from 
0 to 100 %. When the opening command value is kept 
100 %, the nozzle vane 10 is held at a position just be- 
fore the location where the nozzle vane 10 is brought 
into abutment on the stopper 26, that is, the position just 
before the full closing position. 
[0040] The opening of the nozzle vane 1 0 is controlled 
so as to be displaced to a predetermined reference po- 
sition. It is preferable to set the point close to the full 
dosing position as the reference position such that the 
nozzle vane 1 0 located close to the full closing position 
is displaced. 

[0041] Various techniques for controlling the valve 
vane 1 0 to set the reference position have been pro- 
posed. In the case where the controller 8 has a backup 
RAM as the non-volatile memory, the reference position 
determined by the aforementioned control can be stored 
in the backup RAM . The nozzle vane 1 0 is controlled on 
the basis of the reference position stored in the backup 
RAM. 

[0042] In the case where the controller 8 has no back- 
up RAM for the purpose of cost reduction, the reference 
position has to be determined at every engine operation 
because the reference position will be lost upon stop of 
the engine. 



[0043] In this embodiment, since no backup RAM is 
employed, the opening command value is set to the val- 
ue that exceeds 1 00 %, for example, 1 1 0 % during stop 
of the engine. Then the nozzle vane 1 0 is displaced to 

5 the closing side until the lever 23 abuts on the stopper 
26. The reference position is set during the subsequent 
start-up of the engine on the basis of the position of the 
nozzle vane 1 0 when the lever 23 abuts on the stopper 
26 (the setting of the reference value will be described 

10 later). This makes it possible to set the reference posi- 
tion for the displacement of the nozzle vane 10 to the 
point close to the full closing position. As a result, the 
nozzle vane 1 0 can be accurately displaced on the basis 
of the reference position. 

is [0044] The procedure for displacing the nozzle vane 
1 0 to the closing side during stop of the engine until the 
lever 23 abuts on the stopper 26 will be described refer- 
ring to the flowchart shown in Fig. 5. The nozzle abut- 
ment routine is executed by the engine ECU 12 as the 

20 interruption at a predetermined time interval. 

[0045] In the routine of the flowchart shown in Fig. 5, 
when it is determined that the ignition switch 1 4 is turned 
off, that is, YES is obtained in step S101 , the process 
proceeds to step S1 02 and subsequent steps such that 

25 the nozzle vane 1 0 is displaced toward the closing side. 
In step S102, it is determined whether abutment of the 
nozzle vane 1 0 on the closing side has been completed. 
If the current value of the DC motor 9 driven to displace 
the nozzle vane 10 toward the closing side becomes a 

30 predetermined value x or greater, it is determined that 
the abutment has been completed. 
[0046] If YES is obtained in step S102, the process 
proceeds to step S103 where it is determined whether 
the opening command value is the value other than 

35 110%. If YES is obtained in step S103, the process pro- 
ceeds to step S1 04 and subsequent step S1 05 or S1 06 
prior to the abutment of the nozzle vane 1 0 on the clos- 
ing side. If NO is obtained in step S104, that is, a pre- 
determined time period a has not elapsed after stop of 

40 the engine 1 , the opening command value is set to 0% 
in step S105. If YES is obtained in step S104, that is, 
the predetermined time period a has elapsed, the open- 
ing command value is set to 100% in step S106. The 
predetermined time period a is set to the time sufficient 

45 for the nozzle vane 1 0 to fully open after stop of the en- 
gine 1 . 

[0047] The process then proceeds to step S107 
where it is determined whether a predetermined time 
period b has elapsed from a moment at which the open- 
so ing command value is set to 100%. If YES is obtained 
in step S1 07, the process proceeds to step S1 08 where 
the opening command value is set to 110%. The prede- 
termined time period b is set to a time sufficient for the 
nozzle vane 1 0 to be displaced to a position just before 
55 the full close position from a moment at which the open- 
ing command value is set to 1 00%. Further, after the 
opening command value is set to 110%, if NO is ob- 
tained in step S102, that is, if it is determined that the 



5 



9 



EP 1304 462 A2 



10 



abutment of the nozzle vane 1 0 on the closing side has 
been completed, the process proceeds to step S109 
where the opening command is terminated. 
[0048] The change in the operation of the nozzle vane 
10 upon issue of the opening command during stop of 
the engine will be described referring to a time chart in 
Fig. 6. Each change in the ON/OFF state of the ignition 
switch 14, engine speed, position of the nozzle vane 1 0, 
and the current value of the DC motor 9 along the time 
axis is represented by (a), (b), (c), and (d), respectively. 
[0049] When the ignition switch 14 is turned off from 
the on state for stopping the engine (at a timing T1 ), the 
engine speed is gradually reduced. At this time, the 
opening command value is set to 0%, and thus the noz- 
zle vane 10 is displaced towards the full-open position. 
The displacement of the nozzle vane 1 0 toward the full- 
open position may remove deposit on the displacement 
path close to the full open position in the turbocharger 4. 
[0050] When the nozzle vane 10 is displaced to the 
full open position with the elapse of the predetermined 
time period a from the operation of the ignition switch to 
off state (at timing T2), the opening command value is 
set to 1 00 % so as to bring the nozzle vane 1 0 into the 
position just before the full close position. The opening 
command value is kept 1 00 % until the elapse of the 
predetermined time b from the moment when the open- 
ing command value is set to 1 00 %. Then at a time when 
the predetermined time b has elapsed (at timing T3), the 
opening command value is set to 110 % so as to dis- 
place the nozzle vane 1 0 until the lever 23 abuts on the 
stopper 26. 

[0051] The nozzle vane 10 is kept on a position just 
short of the full closing position before it is brought into 
abutment on the closing side. The displacement of the 
nozzle vane 1 0 toward the closing side is temporarily 
stopped so as to reduce the shock caused by the abut- 
ment of the lever 23 on the stopper 26. 
[0052] Further, electric current is continuously sup- 
plied to the DC motor 9 even after the nozzle vane 10 
is brought into abutment on the closing side. The current 
value of the DC motor 9 becomes greater than a prede- 
termined value x. As a result, it is determined that abut- 
ment of the nozzle vane 1 0 on the closing side has been 
completed. The DC motor 9 then is stopped. The posi- 
tion at which the nozzle vane 10 abuts on the closing 
side is determined as the full closing position. 
[0053] The procedure for setting the reference posi- 
tion for displacement of the nozzle vane 10 will be de- 
scribed referring to the flowchart of Fig. 7 that represents 
the routine for setting the reference position. This rou- 
tine is executed by the controller 8 by an interruption at 
a predetermined time interval. 
[0054] Referring to the flowchart of Fig. 7, if the engine 
start-up command is issued at a time when the ignition 
switch 14 is turned on, that is, YES is obtained in step 
S201 , the process proceeds to step S202. In step S202, 
it is determined whetherthe actual position of the nozzle 
vane 10 at this time is closer to the opening side than 



an initial position to be described later. 
[0055] The actual position of the nozzle vane 1 0 as 
described above is obtained based on a detection signal 
from the nozzle position sensor 1 1 at start-up of the en- 

5 gine. That is, the actual position is normally obtained as 
the position at which it is determined that the nozzle 
vane 1 0 is brought into abutment on the closing side dur- 
ing stop of the engine. The initial position is set to the 
position as the maximum closing side with allowance AA 

io so as to cover variance in the abutment position depend- 
ing on the product as shown in Fig. 6(c). That is, the 
initial position is set to be in the range from the position 
where the nozzle vane is kept just in front of the full clos- 
ing position and the full closing position as the abutment 

is position. In this embodiment, the initial position is set to 
the maximum opening position with allowance to cover 
variance depending on the members so as to prevent 
unnecessary increase in the boost pressure at the risk 
of output performance during operation of the engine 

20 and to improve reliability. If the initial position is set to 
the maximum closing position with allowance, the open- 
ing control range of the nozzle vane is shifted toward 
the closing side. This may cause undesirable increase 
in the boost pressure, thus deteriorating the reliability. 

25 [0056] If the nozzle vane 10 is closer to the opening 
side than the initial position for a certain reason at start- 
up of the engine, YES is obtained in step S202. The 
process then proceeds to step S204 where the afore- 
mentioned initial position is set as the reference posi- 

30 tion. Meanwhile, if NO is obtained in step S202, the proc- 
ess proceeds to step S203 where the actual position of 
the nozzle vane 1 0 (abutment position) is set as the ref- 
erence position. 

[0057] According to the aforementioned embodiment, 
35 the following effects can be obtained. 

(1) When the nozzle vane 10 is displaced towards 
the closing side during engine operation in order to 
determine the reference position, the rotating speed 

40 of the turbocharger 4 increases excessively and ac- 
cordingly, the boost pressure of the engine 1 be- 
comes excessively high. In the embodiment, the 
nozzle vane 1 0 is displaced towards the closing 
side for determining the reference position during 

45 stop of the engine. This makes it possible to dis- 
place the nozzle vane 10 towards the closing side 
until the lever 23 abuts on the stopper 26 without 
causing any disadvantages as described above. 
The position obtained at which the nozzle vane 1 0 

so is brought into abutment on the closing side, that is, 
the abutment position, is set as the reference posi- 
tion at start-up of the engine. As the reference po- 
sition can be determined immediately after start-up 
of the engine, the nozzle vane 10 can be accurately 

55 displaced on the basis of the reference position. 

(2) In the case where the nozzle vane 10 is closer 
to the opening side than the initial position at start- 
up of the engine for a certain reason, the initial po- 
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sition is set as the reference position. The nozzle 
vane 10 can be accurately displaced on the basis 
of the reference position at the earlier stage imme- 
diately after the start-up of the engine. 

(3) When the current value of the DC motor 9 that 
is driven for displacing the nozzle vane 1 0 becomes 
greater than a predetermined value x, it is deter- 
mined that abutment of the nozzle vane 10 on the 
closing side is completed. Therefore, such determi- 
nation can be made accurately. 

(4) In order to determine the reference position by 
displacing the nozzle vane 10 to be brought into 
abutment on the closing side, there may arise a 
case in which the nozzle vane 10 never displaces 
towards the opening side during operation of the en- 
gine. In the above case, deposits on the displace- 
ment path close to the full opening side in the ex- 
haust passage of the turbocharger 4 cannot be re- 
moved by the nozzle vane 10 during operation of 
the engine. On the contrary, in the embodiment, the 
nozzle vane 1 0 is displaced toward the full open po- 
sition before it is brought into abutment on the dos- 
ing side during stop of the engine. As the nozzle 
vane 10 is forced to be displaced toward the full 
opening position, there is little chance for missing 
removal of the deposits. 

(5) The displacement of the nozzle vane 1 0 towards 
the closing side is temporarily stopped just before 
its abutment on the closing side during stop of the 
engine. This makes it possible to reduce the shock 
caused by the abutment of the lever 23 on the stop- 
per 26. 

[0058] The embodiment may be modified as de- 
scribed below. 

(a) In the embodiment, the displacement of the noz- 
zle vane 1 0 towards the closing side is temporarily 
stopped just before its abutment on the closing side 
during stop of the engine. However, the speed at 
which the nozzle vane 1 0 displaces may be reduced 
instead of temporarily stopping the displacement. 

(b) Upon abutment of the nozzle vane 1 0 on the 
closing side, there is no need of temporarily stop- 
ping the displacement nor decelerating the dis- 
placement speed. 

(c) In the embodiment, the nozzle vane 10 is dis- 
placed to the full opening position as the limit of the 
displacement range during stop of the engine. How- 
ever, the nozzle vane 10 does not have to be dis- 
placed to the full opening position. The nozzle vane 
1 0 may be displaced towards the opening side until 
it reaches a certain point within the displacement 
range. If the nozzle vane 10 is displaced to the full 
opening position as described in the embodiment, 
the deposits on the displacement path in the ex- 
haust passage can be removed. 

(d) The nozzle vane 10 does not have to be dis- 



placed towards the full opening position. 

(e) The actuator other than DC motor 9 can be em- 
ployed to drive the variable nozzle system 7. Other 
types of electric motor such as the torque motor and 

5 the rotary solenoid may be employed as the actua- 
tor. 

(f) The determination as to completion of the abut- 
ment of the nozzle vane 1 0 on the closing side may 
be made on the basis of the position of the nozzle 

10 vane 1 0 derived from the detection signal of the 
nozzle position sensor 11 . 

(g) In the embodiment, the nozzle vane 10 of the 
variable nozzle type turbocharger is exemplified as 
the driven member that is displaced by the actuator 

15 such as the DC motor 9. The invention may be ap- 
plied to a valve mechanism, for example, the throttle 
valve for adjusting the intake air amount or intake 
pressure of the engine 1 or the EGR valve disposed 
in the EGR passage that returns exhaust gas from 

20 the engine 1 to the intake system and operated to 
adjust the amount of exhaust gas recirculation. 

[0059] Advantageous points that can be derived from 
the aforementioned embodiment will be described be- 
25 low. 

(1) In a control apparatus of an actuator for displac- 
ing a variable nozzle of an internal combustion en- 
gine within a displacement range defined by a stop- 

30 per is provided with a controller that drives the ac- 
tuator until the variable nozzle abuts on the stopper 
in a stopped state of the internal combustion en- 
gine, determines a position of the variable nozzle 
when it abuts on the stopper as a reference position, 

35 and displaces the variable nozzle based on the de- 
termined reference position at a start-up of the en- 
gine subsequent to the stopped state of the internal 
combustion engine. 

If the variable nozzle is displaced towards the 

40 closing side until it abuts on the stopper during en- 
gine operation, the area of the exhaust passage 
through which the exhaust gas of the internal com- 
bustion engine flows is reduced. Accordingly the 
flow velocity of the exhaust gas blown against the 

^5 turbine wheel is increased to unnecessarily in- 
crease the rotating speed of the turbocharger. This 
may cause an adverse influence on the operating 
state of the engine. According to the aforemen- 
tioned embodiment, as the variable nozzle is dis- 

50 placed during stop of the engine, the reference po- 
sition of the nozzle to be displaced at the subse- 
quent start-up of the engine can be determined 
without causing adverse influence on the operating 
state of the engine. Therefore the variable nozzle 

55 can be accurately displaced immediately after the 
start-up of the engine on the basis of the reference 
position that has been already determined. 

(2) when the driven member (10) is located farther 
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away from the stopper than a predetermined initial 
position, the control means sets the predetermined 
initial position as the reference position. 

According to the embodiment, even when the 
variable nozzle displaced towards the closing side 
has not reached the stopper at the next start-up of 
the engine for a certain reason, it can be accurately 
displaced at the earlier stage immediately after the 
start-up of the engine on the basis of the initial po- 
sition as the reference position. 

(3) In the embodiment, an electric motor serves as 
the actuator. The controller determines that abut- 
ment of the variable nozzle on the stopper has been 
completed when the current value of the electric 
motor becomes greater than a predetermined val- 
ue. 

The above-described structure makes it possi- 
ble to determine completion of the abutment of the 
variable nozzle on the stopper accurately. 

(4) The control device displaces the variable nozzle 
towards the opening side before abutment of the 
variable nozzle on the stopper. 

[0060] I n order to determine the reference position by 
displacing the nozzle vane 10 to be brought into abut- 
ment on the closing side, there may arise a case in which 
the nozzle vane 1 0 never displaces towards the opening 
side during operation of the engine. In the above case, 
deposits on the displacement path close to the full open- 
ing side in the exhaust passage of the turbocharger 4 
cannot be removed by the nozzle vane 1 0 during oper- 
ation of the engine. On the contrary, in the embodiment, 
the nozzle vane 1 0 is displaced toward the full open po- 
sition before it is brought into abutment on the closing 
side during stop of the engine. As the nozzle vane 1 0 is 
forced to be displaced toward the full opening position, 
there is little chance for missing removal of the deposits. 
[0061] It is preferable to displace the variable nozzle 
to the point close to the full opening position for remov- 
ing the deposits. In this case, the deposits on the dis- 
placement path can be removed at least once during an 
operation cycle of the engine. 
[0062] The control device temporarily stops or decel- 
erates the displacement of the variable nozzle towards 
the stopper at the closing side just before its abutment 
on the stopper. 

[0063] The aforementioned structure is capable of re- 
ducing the shock caused by the abutment of the variable 
nozzle on the stopper. 

[0064] In a stopped state of an engine, a nozzle vane 
1 0 of a variable nozzle system 7 of a turbocharger 4 is 
displaced until it abuts on a stopper at a closing side. 
The position at which the nozzle vane 1 0 abuts on the 
stopper is set as a reference position based on which 
the nozzle vane 10 is displaced upon subsequent start- 
up of the engine. 

[0065] I n a stopped state of an engine, a nozzle vane 
(1 0) of a variable nozzle system (7) of a turbocharger 



(4) is displaced until it abuts on a stopper at a closing 
side. The position at which the nozzle vane (10) abuts 
on the stopper is set as a reference position based on 
which the nozzle vane (1 0) is displaced upon subse- 
5 quent start-up of the engine. 



Claims 

io 1. A control apparatus (8) of an internal combustion 
engine (1 ) for controlling an actuator (9) which dis- 
places a driven member (1 0) within a displacement 
range confined by a stopper (26), the control appa- 
ratus (8) comprising control means that drives the 

is actuator (9) until the driven member (1 0) abuts on 
the stopper (26) and determines the position of the 
driven member (1 0) when it abuts on the stopper as 
reference position in a stopped state of the internal 
combustion engine, wherein at a start-up of the en- 

20 gine subsequent to the stopped state of the internal 
combustion engine(1 ), the control means displaces 
the driven member based on the determined refer- 
ence position. 

25 2. A control apparatus of an actuator according to 
claim 1 , wherein the driven member (1 0) comprises 
a valve system including at least one of a variable 
nozzle, a throttle valve, and an exhaust gas recir- 
culation valve. 

30 

3. A control apparatus of an actuator according to 
claim I or 2, wherein the actuator (9) comprises an 
electric motor. 

35 4. A control apparatus of an actuator according to any 
one of claims I to 3, wherein when the driven mem- 
ber (10) is located farther away from the stopper 
than a predetermined initial position, the control 
means sets the predetermined initial position as the 

40 reference position. 

5. A control apparatus of an actuator according to 
claim 4, wherein the initial position is determined as 
a theoretical position with an allowance at which the 

45 driven member is brought into abutment on the 
stopper. 

6. A control apparatus of an actuator according to any 
one of claims 1 to 5, wherein the control means 

so monitors an operating state of the actuator, and de- 
termines whether an abutment of the driven mem- 
ber (1 0) on the stopper (26) has been completed on 
the basis of the monitored operating state of the ac- 
tuator. 

55 

7. A control apparatus of an actuator according to 
claim 6, wherein the control means (8) determines 
that an abutment of the driven member (10) on the 
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stopper has been completed when a current value 
of the actuator exceeds a predetermined value. 

8. A control apparatus of an actuator according to any 
one of claims 1 to 7, wherein the control means (8) 5 
displaces the driven member in a direction reverse 

to that of the abutment before the driven member 
abuts on the stopper. 

9. A control apparatus of an actuator according to any 10 
one of claims 1 to 8, wherein the control means (8) 
decelerates or stops the displacement of the driven 
member (1 0) towards the stopper just before the 
driven member abuts on the stopper. 

15 

10. A control method of an internal combustion engine 
(1 ) for controlling an actuator (9) which displaces a 
driven member (10) within a displacement range 
confined by a stopper (26), comprising: 

20 

driving the actuator (9) in a stopped state of the 
internal combustion engine until the driven 
member (1 0) abuts on the stopper (26) and de- 
termining the position of the driven member 
(1 0) when it abuts on the stopper as a reference 25 
position; and 

displacing the driven member based on the de- 
termined reference position at a start-up of the 
engine subsequent to the stopped state of the 
internal combustion engine. 30 

11. A control method according to claim 10, wherein 
when the driven member (10) is located farther 
away from the stopper than a predetermined initial 
position, the predetermined initial position is set as 35 
the reference position. 

12. A control method according to claim 10 or 11, 
wherein an operating state of the actuator is moni- 
tored and it is determined whether an abutment of *o 
the driven member (10) on the stopper (26) has 
been completed on the basis of the monitored op- 
erating state of the actuator. 

1 3. A control method according to any one of claims 10 
to 12, wherein the driven member is displaced in a 
direction reverse to that of the abutment before the 
driven member abuts on the stopper. 

1 4. A control method according to any one of claims 1 0 so 
to 13, wherein the displacement of the driven mem- 
ber towards the stopper is decelerated or stopped 
just before the driven member abuts on the stopper. 
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FIG. 1 
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FIG. 2 
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FIG. 3 




12 



EP 1 304 462 A2 



FIG. 4 
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